Our aim was to study the effects of mildly flavoured sodium lauryl sulphate (SLS)-containing and detergent-free toothpastes with and without betaine (BET) on subjective symptoms of dry mouth in a randomised clinical trial. BET is an osmoprotectant that reacts with molecules to supply the surface with a water coating that protects cells from surfactants. Twenty-seven xerostomic patients and 18 healthy controls took part in the randomised, double-blind clinical trial with a crossover design. Three mildly flavoured toothpastes: (1) 4% BET, (2) 1% SLS and 4% BET, and (3) 1% SLS were used for six weeks each. The reference or washout paste contained neither SLS nor BET. The subjects' dental appointments were at the beginning of the trial and before and after the use of each toothpaste. At each appointment, the subjects were interviewed about subjective sensations of dry mouth (Visual Assessment Scoring (VAS) Index). The subjects did not report any adverse effects in connection with the use of the toothpastes. The VAS scores for lip dryness and eating difficulties were significantly lower for the BET paste (lip dryness: BET<BET+SLS; p < 0.005 and eating difficulties: BET<BET+SLS; p = 0.02; BET<reference; p = 0.003). The BET paste relieved dry mouth symptoms in 44% of the xerostomic patients, the corresponding figures for the other pastes being BET+SLS 22% (p = 0.002 as compared with BET), SLS 18% (p = 0.022), and reference 7% (p = 0.000). In conclusion, all the mildly flavoured toothpastes used in this study were well accepted by the xerostomic subjects. Thus, other toothpaste components may be more mucosa-irritating than just SLS, or else they enhance the effect of SLS. The detergent-free, BET-containing toothpaste appeared to be associated with relief of some symptoms of dry mouth. 
Introduction [13] [14] [15] The most commonly used synthetic detergent in toothpastes, sodium lauryl sulphate (SLS), emulsifi es the plaque deposits and dissolves lipophilic substances in toothpastes and mouthwashes. 16 The detergent in toothpaste foams when brushing and reduces surface tension enhancing the toothpaste's penetration into interdental tooth surfaces. This prolongs the toothpaste's retention on teeth and facilitates the contact of fl uoride compounds with the dentition for a longer time. Toothpaste detergents also inhibit plaque bacteria and help with the mechanical removal of plaque. 17 On the other hand, the detergents, and especially SLS, are known to cause untoward changes both in oral mucosa and on skin. 18, 19, [20] [21] [22] [23] It is suggested toothpaste compositions should contain less irritating detergents. 24 Betaine (BET), also known as trimethylglycine or glycinebetaine, is a natural product, which is chromatographically separated from sugar beet molasses during sugar production. It has been found to act as an osmoprotectant in bacteria, plants, and animals, and it protects cell components against harsh conditions in vitro. 25 BET reduces the skin-irritating properties of detergents in cosmetics. 26, 27 It has also reduced the irritating effect of SLS-containing toothpaste in skin exposure tests. 28 BET reacts with molecules to supply the surface with a water coating that protects cells from surfactants. In our earlier study, subjects suffering from xerostomia preferred a combination SLS-BET toothpaste to a regular toothpaste containing only SLS. 29 The BET-containing toothpaste also appeared to relieve subjective symptoms of dry mouth. 29 The aim in this study was to compare the effects of mildly fl avoured SLS-containing as well as detergent-free toothpastes with and without BET on xerostomic symptoms in a longitudinal randomised, double-blind clinical trial.
Material and Methods

Subjects
Twenty-seven volunteers, 25 women and 2 men with a mean age of 52.9 ± 13.1 years, participated in the study group. They all suffered from subjective symptoms of dry mouth. All these xerostomic subjects had one or more systemic diseases; the most common diagnosis being Sjögren´s syndrome (15 subjects). The xerostomic subjects also used medications on a regular basis; the mean number of drugs used daily was 2.5 (range 0-8). Seventeen subjects in the xerostomic group reported they suffered from allergies. Twenty-fi ve matched controls (24 women and 1 man) without any symptoms of dry mouth were recruited. The mean age of the control subjects was 52.4 ± 17.2 years.
Thirteen subjects in the control group reported 1-2 chronic diseases, and 15 used some medication (most often hormonal products with a mean number of 0.84 drugs used daily, range 0-3). Neither the diseases nor the medication were known to affect saliva secretion. Eleven of the control subjects reported allergies. In the xerostomic group, one male subject interrupted the study for personal reasons. In the control group, seven female subjects interrupted the study, the main reason being the tastlessness of the toothpastes. No one interrupted the study due to adverse effects connected with the use of the toothpastes.
All subjects signed an informed consent form. The Ethical Committee of the Faculty of Medicine, University of Turku, approved the study protocol.
Study Design
The study was a double-blind, randomised and controlled clinical trial with a crossover design. The subjects in both xerostomic and control groups were randomly allocated to use each of the three test toothpastes in a predetermined sequence for six weeks. Each phase was preceded by a six-week washout period during which the reference paste was used to assure elimination of any residual test toothpaste. It was also used at the end of the trial. Table 1 shows the schematic presentation of the study design.
The fi rst appointment was made at the beginning of the trial, before the use of the reference toothpaste. During this appointment the subjects received information on the study, signed the consent form, and underwent a baseline examination. The examination included the following:
• An interview about general health • A review of medications and allergies • Identification of oral hygiene habits • An evaluation of subjective dry mouth symptoms (Table 2) • An assessment of plaque quantity • A visual inspection of oral mucosa In addition to the examination, changes in symptoms of oral dryness and also changes in general health, medication, or oral hygiene habits were recorded. No new systemic diseases or drugs known to affect saliva secretion or mucosal sensitivity were reported in either group during the study.
At the baseline examination, the participants were asked to brush their teeth twice a day (two minutes at a time), dispense the toothpaste along the length of the tips of the toothbrush bristles (approximately 1.5 g), and refrain from brushing in the morning before the appointment. They were also instructed to refrain from eating and drinking for at least one hour prior to each appointment. The toothbrushes were given to the participants and replaced with new ones when needed (approximately three toothbrushes/participant). The participants were advised not to make any changes in their use of dental hygiene products, and if they were obliged to do so, to report all changes in their daily habits. Antimicrobial dental hygiene products were not recommended to be used during the trial.
Study Toothpastes
The three experimental toothpastes used in the study in a normal toothpaste base were:
1. 4% BET (Betafin BP, Finnfeeds, Naantali, Finland) 2. 1% SLS (SLS; Texapon K 12, Henkel, KOGA, Düsseldorf, Germany) with 4% BET 3. 1% SLS The composition of the toothpastes is listed in Table 3 . The reference paste, which contained neither BET nor SLS, was used during washout periods between the test periods. The Salutem Company of Turku, Finland, prepared all the toothpastes for this study. The pH of the test toothpastes was 6.7. The toothpastes were numbercoded to ensure a double-blind design.
Collection of Saliva and Assessment of Plaque and Oral Mucosa
Unstimulated whole saliva (UWS) was collected two to three times from the xerostomic subjects and once from the controls during the 10-month study.
The amount of dental plaque was assessed with Sillness-Löe 30 and Quiqley-Hein 31 -methods from the second upper and lower incisors of the test person at each appointment.
The appearance of oral mucosa was examined visually for any alterations at each appointment.
Evaluation Methods
The Visual Assessment Scoring Index (VAS, scale 0-10) was used to assess the subjective symptoms of dry mouth at every appointment ( Table 2 ). The participants were asked about changes in symptoms (increase, no change, decrease) at each appointment. The study toothpastes were compared with the reference paste and the reference paste with the previous study toothpaste. Subjects were also asked to evaluate all the pastes in general using the same 0 to 10 VAS-scale. The preference for each toothpaste was discussed after the use of all toothpastes at the end of the trial. The opinion of the subjects on the taste and composition of the toothpastes as well as on adverse effects like oral pain and ulcers were recorded at each appointment.
Statistics
The statistical evaluations of the variables recorded on the VAS scale as well as the evaluations of the pastes were conducted using parametric repeated measurements analysis of variance (RANOVA). Only in the case of statistical signifi cance, were pairwise comparisons between the toothpastes done with paired Student's t-test and between the groups with Student's t-test for independent variables. The changes in symptoms (increase, no change, decrease) and in evaluation of relief of oral dryness were tested with the nonparametric Friedman's test. A non-parametric, pairwise Wilcoxon test was used to test the paired differences in changes and in relief evaluation within the two groups. The differences in plaque indices were tested with the Pearson Chi-square test. The level of statistical signifi cance was set at < 0.05. For the statistics, we used the SPSS 10.0 software program.
Results
Salivary Flow Rate, Amount of Plaque, and Mucosal Appearance
In the xerostomic group, the mean fl ow rate of UWS was 0.17 ± 0.16 ml/min. The UWS was very low (< 0.1 ml/min) in 8 subjects, low (0.1-0.25 ml/ min) in 14 subjects, and normal (> 0.25 ml/min) in 5 subjects in the xerostomic group. In the control group, the mean UWS was 0.67 ± 0.37 ml/min. Four subjects in the control group had low UWS but no subjective symptoms of oral dryness. The UWS was signifi cantly higher in the control group than in the xerostomic group (p = 0.004 ).
The plaque indices did not differ between the xerostomic and control groups during the study, not even when the subjects with very low saliva secretion and the control subjects were compared. Within the groups, no signifi cant differences were detected in the plaque indices in relation to any of the toothpastes.
All xerostomic and control subjects had macroscopically normal oral mucosa, although the mucosal dryness did appear as pale oral mucosa in some subjects with hyposalivation. However, we did not observe any thinned or atrophic mucosa or depapillated tongue surfaces in any of the subjects. The use of the test toothpastes or the reference paste was not associated with any visible alterations in the appearance of the oral mucosa.
Subjective Symptoms of Dry Mouth
During the whole study, the xerostomic group showed signifi cantly higher (p < 0.000) VAS scored symptoms of dry mouth than the control group. The symptoms did not differ signifi cantly between the subjects with low or very low UWS and all subjects in the xerostomic group. Therefore, all xerostomic subjects were pooled in the statistical analyses.
Within the xerostomic group, the highest VAS scores, indicating on average the strongest subjective sensation of dry mouth, were recorded for lip dryness (p < 0.008). The VAS scores for lip dryness were signifi cantly lower after the use of the BET paste than after the use of the BET+SLS paste (p = 0.005). The SLS, BET+SLS, and reference toothpastes had comparable levels in mean VAS scores (Figure 1 ). Also, in relation to eating diffi culties within the xerostomic group, the BET paste showed signifi cantly lower VAS scores than the BET+SLS toothpaste (p = 0.02) and the reference toothpaste (p = 0.03). No other signifi cant differences were seen between the toothpastes within the xerostomic or the control group.
No signifi cant differences within the xerostomic and control groups were detected when the subjects were interviewed about changes in dry mouth symptoms after use of each toothpaste. Figure 1 . Lip dryness in the xerostomic and control groups after the use of the three experimental toothpastes and the reference paste. BET: 4% betaine; BET+SLS: 4% betaine + 1% sodium lauryl sulphate; SLS: 1% sodium lauryl sulphate. The boxplots show means, 95% confi dence intervals of means and the standard deviations of VAS scores; scale 0-10 (zero means no dryness, ten utmost dryness). Xerostomic group; n = 27 and control group; n = 18. ** p < 0.01. 0 Marks an outlier.
Overall Evaluation of the Toothpastes
When the toothpastes were evaluated using the VAS scale, no signifi cant differences between any of the used pastes were detected within the xerostomic or control groups (Figure 2 ). When the xerostomic and the control groups were compared, however, the xerostomic group gave a signifi cantly lower estimate for the SLS paste than the control group (Figure 2, p = 0.03) .
The xerostomic and control subjects were interviewed at the end of the trial on their opinions of the different toothpastes. The BET paste relieved dry mouth symptoms even for several hours in the xerostomic group in 44% of subjects. The BET+SLS paste relieved the symptoms in 22% (p = 0.002 as compared with BET), the SLS paste in 18.5% (p = 0.022), and the reference paste in 7.4% (p = 0.000).
No adverse effects such as aphtous ulcers were reported for the use of the test toothpastes in either the xerostomic or the control group, and no one discontinued the study due to adverse effects associated with any toothpaste. Even the eight xerostomic subjects with very low saliva secretion did not report any adverse effects in association with the use of the pastes. Only one of these subjects with practically no saliva secretion at all experienced some mucosal irritation with all the toothpastes used. About a half of both the xerostomic and control subjects found the composition of the toothpastes suitable. More than one third of the subjects in both the xerostomic group and the control group found the taste of the toothpastes agreeable. However, in the control group, the main reason for interrupting the study was the bland taste of the toothpastes.
Discussion
To our knowledge this is the fi rst carefully controlled clinical toothpaste study with crossover design in xerostomic subjects. We could not verify the earlier suggestions on the mucosa-irritating effects of the SLS-containing toothpastes. In our study, the mildly tasting 1% SLS formula was not associated with adverse effects such as mucosal irritation or aphtous ulcers, even among the eight xerostomic subjects with very low salivary fl ow. However, some SLS-associated differences between the groups were detected: the xerostomic subjects gave a lower estimation for the SLS paste than the control subjects. Generally, all four toothpaste formulas used in this study were well accepted by all subjects participating in the study. Thus, our results suggest that other toothpaste components, such as fl avours, may be more mucosa-irritating than SLS.
Regular products for oral hygiene often irritate the dry mouth. This is why mildly tasting special products have been developed for persons suffering from a dry or sensitive mouth. Toothpastes contain a number of substances which irritate even the healthy mucosa and, therefore, it is not a surprise they irritate the mouth in xerostomic subjects. Xerostomic patients show increased retention times of oral hygiene product components 32 , which enhances their possible irritating properties. Flavouring and colouring agents and preservatives may also cause contact allergy on the oral mucosa. 33 Furthermore, ingredients used in special toothpastes such as tartar-controlling agents have been reported to irritate the oral mucosa. 34 The agents considered to be the main irritants in toothpastes are the detergents, especially SLS. [18] [19] [20] It is well known that SLS is an irritant also to skin. [21] [22] [23] Exaggerated study models employing mouthwashes with high SLS-concentrations or exposure of the Figure 2 . Overall evaluation of the toothpastes by the xerostomic and control subjects, BET: 4% betaine; BET+SLS: 4% betaine + 1% sodium lauryl sulphate; SLS: 1% sodium layryl sulphate. The boxplots show means, 95% confi dence intervals of means, and the standard deviations of VAS scores; scale 0-10 (zero means not acceptable, ten excellent). Xerostomic group; n = 27 and control group; n = 18. * p < 0.05. 0 Marks an outlier. oral mucosa to SLS using capsplints have been shown to induce mucosal desquamation. 18, 19 It has also been suggested the use of SLS-free toothpaste reduces the incidence of recurrent aphtous ulcers 24, 35 , even though a study showing no effect of a SLS toothpaste on the ulcer pattern has also been published. 36 The comparison of our fi ndings to the earlier ones is diffi cult due to the lack of information on brushing time and amount of toothpaste used in the earlier studies. However, the SLS concentration of our experimental toothpaste corresponds well with SLS concentrations used generally in regular commercial toothpastes in Europe and North America. 37 BET is a methyl donor which may be one of the mechanisms by which it protects cells from surfactants. 25 BET is also an osmoprotectant 25 , a property which could be benefi cial in oral hygiene products for xerostomic patients. In skin tests, the irritation-alleviating effects of BET have been shown for BET-SLS solutions and BET-SLS toothpaste (Nicander) . 28 We have shown earlier that subjects suffering from xerostomia preferred a BET-SLS toothpaste over a regular SLS paste. 29 The BET-containing paste was also reported to alleviate symptoms of dry mouth. 29 However, when we tested different combinations of BET and SLS using a modifi cation of a capsplint model, we found mucosa-protecting effects of BET only for the combination of 1% SLS and 4% BET. When the same SLS and BET concentrations were applied to the oral mucosa in the form of a toothpaste, no differences were detected between the SLS-BET and the regular SLS toothpaste. 38 Thus, the effects of BET on the mucosa-irritating effect of SLS may also depend on solutions or toothpaste components other than SLS. The two SLS pastes used in this study appeared not to be mucosa irritating, and thus it is not surprising we could not fi nd the relieving effects of BET on SLS as demonstrated in the earlier studies. BET in the detergent-free formula, however, appeared to improve the formula with respect to effects on oral mucosa. In the evaluation made at the end of the trial, the BET toothpaste was reported to relieve subjective symptoms of dry mouth twice as effectively as any other test paste. The BET paste was also associated with the lowest VAS scores for lip dryness, the strongest sensation of dry mouth. Thus, BET may have added osmoprotective properties to the pastes as suggested earlier.
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Conclusion
As a summary, all mildly fl avoured toothpaste formulas, even those with SLS, were well accepted by the xerostomic subjects, and no adverse effects such as aphtous ulcers were connected with the use of the pastes. Our results suggest that other toothpaste components may be more mucosa-irritating than just SLS, or they enhance the effect of SLS. The detergent-free, BET-containing toothpaste appeared to be associated with the relief of some symptoms of dry mouth. This suggests that oral hygiene product formulas specially designed for xerostomic subjects may benefi t from the inclusion of BET.
